A borehole temperature during drilling in a fractured rock formation by Fomin S. et al.
A borehole temperature during drilling
in a fractured rock formation
S. Fomin a,*, T. Hashida b, V. Chugunov c, A.V. Kuznetsov d
a Department of Mathematics and Statistics, California State University, Chico, CA 95929-0525, USA
b Fracture Research and Reliability Institute, School of Engineering, Tohoku University, Sendai 980 8579, Japan
c Department of Applied Mathematics, Kazan State University, Kazan 420008, Russia
d Department of Mechanical & Aerospace Engineering, North Carolina State University, Raleigh, NC 27965-7910, USA
Received 20 November 2003; received in revised form 9 July 2004
Abstract
Drilling in brittle crystalline rocks is often accompanied by a ﬂuid loss through the ﬁnite number of the major frac-
tures intercepting the borehole. These fractures aﬀect the ﬂow regime and temperature distributions in the borehole and
rock formation. In this study, the problem of borehole temperature variation during drilling of the fractured rock is
analyzed analytically by applying the approximate generalized integral-balance method. The model accounts for diﬀer-
ent ﬂow regimes in the borehole, for diﬀerent drilling velocities, for diﬀerent locations of the major fractures intersecting
the borehole, and for the thermal history of the borehole exploitation, which may include a ﬁnite number of circulation
and shut-in periods. Normally the temperature ﬁelds in the well and surrounding rocks are calculated numerically by
the ﬁnite diﬀerence and ﬁnite element methods or analytically, utilizing the Laplace-transform method. The formulae
obtained by the Laplace-transform method are usually complex and require tedious numerical evaluations. Moreover,
in the previous research the heat interactions of circulating ﬂuid with the rock formation were treated assuming con-
stant bore-face temperatures. In the present study the temperature ﬁeld in the formation disturbed by the heat ﬂow from
the borehole is modeled by the heat conduction equation. The thermal interaction of the circulating ﬂuid with the for-
mation is approximated by utilizing the Newton law of cooling at the bore-face. The discrete sinks of ﬂuid on the bore-
face model the ﬂuid loss in the borehole through the fractures. The heat conduction problem in the rock is solved
analytically by the heat balance integral method. It can be proved theoretically that the approximate solution found
by this method is accurate enough to model thermal interactions between the borehole ﬂuid and the surrounding rocks.
Due to its simplicity and accuracy, the derived solution is convenient for the geophysical practitioners and can be read-
ily used, for instance, for predicting the equilibrium formation temperatures.
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1. Introduction
A reliable assessment of thermal interaction be-
tween the borehole and the surrounding rock formation
is of considerable interest in a number of geophysical
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